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,QWURGXFWLRQ





 $NLQ\HPL DQG 6DODNR  +RZHYHU WKHVH PDFURVFRSLF DQDO\VHV GHWHUPLQH YDJXH DQG EHODWHG FOXHV
FRQFHUQLQJWKHUHODWLRQVDPRQJWKHVHELRORJLFDOHQWLWLHVEHFDXVHWKHVHSKHQRW\SLFFKDUDFWHUVFDQEHODUJHO\LQIOXHQFHG
E\HQYLURQPHQWFRQGLWLRQVDQGEUHHGLQJWHFKQRORJLHV%XWPRUHDFFXUDWHLQIRUPDWLRQDERXWWKHVHLQWHUUHODWLRQVFDQ
EH VXSSOLHG E\ WKH EORRG SRO\PRUSK V\VWHPV WKHVH ELRVWUXFWXUHV EHLQJ LQGHSHQGHQW RI HDFK RWKHU DQG DUH QRW





7KH H[LVWHQFH RI YDULDWLRQ RI WKH DOOHOLF IUHTXHQFLHV IURP GLIIHUHQW ORFL ZKLFK FRQWURO WKH EORRG SRO\PRUSKLVP
FUHDWHG WKH RSSRUWXQLW\ WR FDOFXODWH VRPH VWDWLVWLFDO LQGLFDWRUVZKLFKPHDVXUHPRUH H[DFWO\ WKH LQWHQVLW\ RI WKHVH
LQWHUUHODWLRQV+ULQFă,Q WKHILUVWSODFH WKHUHZDVXVHGDOPRVWH[FOXVLYHO\E\PRVWDXWKRUVDPDWKHPDWLFDO
VWDWLVWLFV SDUDPHWHU  WKH JHQHWLF GLVWDQFH D  ZKLFK H[SODLQV WKH JHQHWLF GLIIHUHQWLDWLRQ GHJUHH DPRQJ EUHHGV
0DQZHOODQG%DNHU9DOOHMRHWDO1JX\HQ5RGHURHWDO=DQRWL&DVDWLHWDO
,EHDJKD$ZHPX DQG (UKDUGW  .RZDOVND DQG =DWRĔ'REURZROVND  0RUDGL 6KDKUEDEDN HW DO 
2]GHPLUHWDO$NLQ\HPLDQG6DODNR+ULQFDHWDO%XWUHFHQWO\DWUXHUTXDQWLI\LQJLVFRQIHUUHG
E\ D FRQFHSW GHULYHG IURP LQIRUPDWLRQDO VWDWLVWLFV ± WKH LQIRUPDWLRQDO FRUUHODWLRQ &[\  H[SUHVVLQJPDLQO\ WKH
JHQHWLFVLPLODULW\RIWKHVHEUHHGV+ULQFă






7KH W\SLI\LQJ H[SHULPHQWDOZRUNV DW WKH OHYHO RI VRPH JHQHWLF SRO\PRUSKLF ORFLZHUH DFKLHYHG RQ IRXU VKHHS
SRSXODWLRQVEHORQJLQJWRWKHIRXULQGLJHQRXV5RPDQLDQEUHHGV0HULQR7VLJDL7VXUFDQDDQG.DUDNXO
7KHUHGHILQLQJRIELRORJLFDOUHODWLRQVDPRQJWKHVHEUHHGVE\VWDWLVWLFDOTXDQWLI\LQJZDVEDVHGRQWKHLQYHVWLJDWLRQ
RI  JHQHWLF V\VWHPV ILYH ELRFKHPLFDOJHQHWLF V\VWHPV KDHPRJORELQ WUDQVIHUULQ DOEXPLQ DP\ODVH DQG EORRG
SRWDVVLXPVL[LPPQXQRJHQHWLFV\VWHPVEORRGJURXSV\VWHPV$%&'0DQG52DQGWZRPROHFXODUJHQHWLF
V\VWHPVβODFWRJOREXOLQDQGFDOSDVWDWLQ
7KH SKHQRW\SHV RI SRO\PRUSK SURWHLQV KDHPRJORELQ WUDQVIHUULQ DOEXPLQ DQG DP\ODVH ZHUH LGHQWLILHG E\
HOHFWURSKRUHVLVPHWKRG XVLQJ WKH VWDUFK JHO DVPLJUDWLQJ VXEVWUDWXP7KH SRO\PRUSKLVP RI EORRG SRWDVVLXPZDV
KLJKOLJKWHGE\IODPHSKRWRPHWU\+ULQFă
7KHGHWHFWLRQRIEORRGJURXSIDFWRUVZDVSHUIRUPHGE\WKHKHPRO\WLFDVVD\PHWKRG+ULQFă




LQIRUPDWLRQDOFRUUHODWLRQZDVH[SUHVVHGE\WKHinformational correlation coefficient (Rx,y) +ULQFă
7KH JUDSKLFDO UHSUHVHQWDWLRQ RI JHQHWLF YDULDWLRQ GHJUHH RI WKH DXWRFKWKRQRXV VKHHS EUHHGV EHQHILWHG IURP
WD[RQRPLF PHWKRGV cluster analysis CA multidimensional scaling MDS DQG discriminatory analysis DA
+ULQFă
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5HVXOWVDQG'LVFXVVLRQV
7KH PDWUL[ IRU GHILQLQJ WKH JHQHWLF GLVWDQFHV DQG LQIRUPDWLRQDO FRUUHODWLRQV DPRQJ WKH DXWRFKWKRQRXV VKHHS
EUHHGVZDVFRQVWUXFWHGRQWKHDOOHOLFIRUPXODRIWKHPHQWLRQHGV\VWHPV,QWKHFDOFXOXVDOJRULWKPWKHUHZHUHXVHG
WKHIUHTXHQFLHVRIDOOHOHVDVIROORZV






















































































0HULQR 7VLJDL 7VXUFDQD .DUDNXO

$OOHOH7I 7I, 7I$ 7I* 7I% 7I& 7I0 7I' 7I( 7I3













































































































































































































6KHHSEUHHG 0HULQR 7VLJDL 7VXUFDQD .DUDNXO 
0HULQR    
'7VLJDL    
7VXUFDQD    
.DUDNXO     







































0HULQR7VLJDL 0HULQR7VXUFDQD 0HULQR.DUDNXO 7VLJDL7VXUFDQD 7VLJDL.DUDNXO 7VXUFDQD.DUDNXO
,QIRUPDWLRQDOFRUUHODWLRQFRHIILFLHQWV 5[\
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2QWKHEDVLVRIYDOXHVRI WKHVHVWDWLVWLFDOSDUDPHWHUVVRPHVWUXFWXUHVZLWKUHSUHVHQWDWLRQ LQELGLPHQVLRQDOSODQ
FDQ EH REWDLQHG XVLQJ QXPHULFDO FODVVLILFDWLRQPHWKRGV RI ELRORJLFDO V\VWHPVZKLFK H[SUHVVPRUH HORTXHQWO\ WKH
JHQHWLFGLIIHUHQWLDWLRQDQGVLPLODULW\GHJUHHDPRQJWKHVKHHSEUHHGV
hierarchical structure by cluster analysis CA LOOXVWUDWHV WKH ELRORJLFDO V\VWHP VWUXFWXUH V\VWHP HOHPHQWV 
UHODWLRQVDPRQJWKHP7KLVDQDO\VLVVKRZVWKHZD\LQZKLFKWKHLQGLJHQRXVVKHHSEUHHGVDUHJHQHWLFDOO\GLIIHUHQWLDWHG




topological structure by multidimensional scalingMDSVXJJHVWVWKHVSDWLDOFRQILJXUDWLRQRIELRORJLFDOV\VWHP
WRSRJUDSKLF DUUDQJHPHQW ZD\ RI LWV HOHPHQWV 7KLV PHWKRG LV XVHIXO WR YLVXDOO\ HYDOXDWH WKH JHQHWLF GLVWDQFHV





- extracted factor space by discriminatory analysis DA HVWLPDWHV WKH SUREDEOHPHPEHUVKLSRI DQREMHFW WR D
FHUWDLQREMHFWFODVVWD[RQ7KLVDQDO\VLVSUHVHQWVWD[RQRPLFLQWHUHVWWRGHWHUPLQHWRZKLFKEUHHGFHUWDLQLQGLYLGXDOV
VKHHSEHORQJKDYLQJUHJDUGWKHLUTXDOLWDWLYHJHQHWLFWUDLWV)LJXUH
6HFRQGO\ WKH LQIRUPDWLRQDO FRUUHODWLRQV DQG JHQHWLF GLVWDQFH DPRQJ WKH DXWRFKWKRQRXV EUHHGV VKRZ VRPH
SHFXOLDULWLHVLQUHODWLRQWRWKHVSHFLILFLW\RIWKHWKUHHW\SHVRIJHQHWLFV\VWHPV7DEOH





*HQHWLFV\VWHPW\SHV 6KHHSEUHHG 0HULQR 7VLJDL 7VXUFDQD .DUDNXO 
%LRFKHPLFDOJHQHWLF
V\VWHPV
0HULQR    
'7VLJDL    
7VXUFDQD    
.DUDNXO     
  5[\  
,PPXQRJHQHWLF
V\VWHPV
0HULQR    
'7VLJDL    
7VXUFDQD    
.DUDNXO 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   
  5[\  
0ROHFXODUJHQHWLF
V\VWHPV
0HULQR    
'7VLJDL    
7VXUFDQD    
.DUDNXO     
  5[\  

$OVR LQ WKH ELRFKHPLFDOJHQHWLF V\VWHPV WKH FORVHVW UHODWLRQVKLS DUH WKH RQHEHWZHHQ0HULQR3DODV DQG7VLJDL









7KH PDWUL[ RI JHQHWLF GLIIHUHQWLDWLRQ RU VLPLODULW\ RI WKH PROHFXODUJHQHWLF V\VWHPV VKRZV WKH VDPH IHDWXUHV
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FRQFHUQLQJ WKHKLHUDUFK\RI UHODWLRQVDPRQJWKHDXWRFKWKRQRXVVKHHSEUHHGVDV LQ WKHFDVHRIELRFKHPLFDOJHQHWLF








7KH KLJK LQFLGHQFH RI +E% DOOHOH DQG UHODWLYHO\ ORZ IUHTXHQF\ RI +E$ DOOHOH LQ DOO 5RPDQLDQ VKHHS EUHHGV
GHWHUPLQH WKDW WKH JHQHWLF GLVWDQFHV DPRQJ WKHVH EUHHGV WR EH VPDOO HQRXJK ZLWKLQ WKLV V\VWHP $OWKRXJK WKH
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$OEXPLQV\VWHP
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'7VLJDL 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7KH PRVW ZHOOEDODQFHG GLVWULEXWLRQV DUH LQ WKH 7VLJDL DQG 7VXUFDQD EUHHGV WKH GLIIHUHQFHV DPRQJ WKH DOOHOLF
IUHTXHQFLHV EHFRPHPRUHREYLRXV LQ0HULQREUHHG DQG LQ.DUDNXO VKHHS WKH DOOHOH VSUHDGLQJ LV YHU\XQXQLIRUP
ZLWK YHU\ KLJK IUHTXHQFLHV RI WKH7I% DQG7I& DOOHOHV DQG YHU\ ORZ LQFLGHQFHV RI WKH RWKHU DOOHOHV 7KH UHOHYDQW
ELRFKHPLFDOJHQHWLF VLPLOLWXGH LQ WUDQVIHUULQ V\VWHP LQ 0HULQR DQG 7VLJDL EUHHGV GHWHUPLQHV WKDW WKH JHQHWLF
GLVWDQFHVDPRQJWKHPWREHUHGXFHG7KHVDPHXQVLJQLILFDQWJHQHWLFRXWGLVWDQFLQJLVUHJLVWHUHGEHWZHHQ7VXUFDQD
DQG.DUDNXOEUHHGV7KHPRUHXQLIRUPUHSDUWLWLRQRI WKH7IDOOHOHV LQ WKH0HULQRDQG7VLJDLEUHHGVDQG WKHYHU\







$OE6 DOOHOH WKH$OE) DOOHOH RFFXUV VSRUDGLFDOO\ WRR GHWHUPLQLQJ DPLQRU JHQHWLF GLIIHUHQWLDWLRQ DPRQJ WKHVH WZR
EUHHGV7DEOH
7KHVDPHVLWXDWLRQLVREVHUYHGLQWKHDP\ODVHV\VWHPWRREXWKHUHEHVLGHVWKH7VXUFDQDDQG.DUDNXOEUHHGV
WKHPRQRW\SLVP IURP WKH$P ORFXV IRU$P% DOOHOH LV DOVRPDQLIHVWHG LQ WKH0HULQR VKHHS DPRQJ WKHVH WKUHH
EUHHGVEHLQJQRJHQHWLFGLIIHUHQWLDWLRQ,QWKH7VLJDLVKHHSLQZKLFKEHVLGHVWKHYHU\KLJKGLVVHPLQDWLRQRI$P%
DOOHOHDOVRWKH$P&DOOHOHDSSHDUVZLWKDORZLQFLGHQFH LWFRPHVRXWDQLQILQLWHVLPDOJHQHWLFGLIIHUHQWLDWLRQRI
7VLJDL VKHHS LQ FRPSDULVRQ ZLWK WKH WKUHH EUHHGV DV VXFK WKH LQIRUPDWLRQDO FRUUHODWLRQ DPRQJ WKHP LV KLJK
HQRXJK7DEOH
,QWKHEORRGJURXSV\VWHPVWKHFKDUDFWHULVWLFVRIWKHWZRLQIRUPDWLRQDOVWDWLVWLFVSDUDPHWHUVDUHGHSHQGHQWRQWKH
UDWLR EHWZHHQ WKH GRPLQDQW DQG UHFHVVLYH DOOHOHV RI HDFK EORRG IDFWRU RQ WKH LPPXQRJHQHWLF HQGRZPHQW ZLWK
HU\WKURF\WHIDFWRUVRIDOOEORRGV\VWHPVDQGHVSHFLDOO\RQWKHGLVWULEXWLRQRIWKHVHIDFWRUVLQHDFKV\VWHPZLWKLQHDFK
EUHHG *HQHUDOO\ WKH 7VXUFDQD EUHHG KDV D ULFKHU LPPXQRJHQHWLF GRZU\ LQ PRVW V\VWHPV WKDQ WKH WKUHH VKHHS
EUHHGV7KHUHIRUH LW GLIIHUV IURP WKH RWKHU WKUHHEUHHGV LQ OHVVHU GHJUHH %' DQG52 V\VWHPV RU LQ DJUHDWHU
H[WHQWV\VWHP$,QDOOWKHVHIRXUV\VWHPVWKHPRVWLPSRUWDQWLQIRUPDWLRQDOFRUUHODWLRQFRHIILFLHQWVRFFXUEHWZHHQ
WKH0HULQR DQG7VLJDLEUHHGV7KH.DUDNXO VKHHS UHFRUGV FRQVLGHUDEOH LPXXQRJHQHWLF VLPLODULW\GHJUHHVZLWK DOO
EUHHGVHVSHFLDOO\LQWKH52V\VWHP%XWLQWKHV\VWHP$WKHJHQHWLFGLVWDQFHVRIWKH.DUDNXODUHPRUHREYLRXVO\
HVSHFLDOO\ FRPSDUHG WR 7VXUFDQD ,Q WKH V\VWHP & WKH .DUDNXO EUHHG LV FRQVWDQWO\ PRUH GLVWDQW IURP
LPPXQRJHQHWLFDOO\SRLQWRIYLHZWRWKH0HULQRDQG7VXUFDQDDQGWKHUHODWLRQVKLSEHWZHHQ.DUDNXODQG7VLJDLLVD
ELW FORVHU$OVR LQ WKLV V\VWHP WKH JHQHWLF GLVWDQFH EHWZHHQ0HULQR DQG7VLJDL LV VKRUW DQG7VXUFDQDSUHVHQWV D





,Q WKH WZRPROHFXODUJHQHWLF V\VWHPV WKH GLIIHUHQWLDWLRQ GHJUHH DPRQJ WKH DXWRFKWKRQRXV EUHHGV LV YHU\ ORZ
7DEOH7KXV LQ WKH FDOSDVWDWLQ V\VWHP WKHGLIIHUHQFHV DUH LQILQLWHVLPDO VR WKDW WKH LQIRUPDWLRQDO FRUUHODWLRQV
DPRQJ DOO EUHHGV DUH YHU\ VWURQJ2QO\ LQ WKHβODFWRJOREXOLQ V\VWHP VRPH GLIIHUHQFHV DUH DPRQJ WKH YDOXHV RI
LQIRUPDWLRQDOFRUUHODWLRQFRHIILFLHQWVEXWWKHVHDUHXQVLJQLILFDQW
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SRO\PRUSKLVPZLWKFRGRPLQDQW KDHPRJORELQβODFWRJOREXOLQDQGFDOSDVWDWLQDQGHSLVWDWLF 52 LQKHULWDQFH LW
FRPHVRXWVRPHFOHDUHUGLIIHUHQWLDWLRQVDPRQJWKHVHEUHHGV,Q WKHV\VWHPVZLWKFRPSOHWHGRPLQDQFH LQKHULWDQFH
$%&'DQG0WKHJHQHWLFGLIIHUHQWLDWLRQLVPRUHREYLRXV,QWKHPRGHUDWHSRO\PRUSKV\VWHPVZLWKFRPSOHWH
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HPSKDVL]HG SRO\PRUSKLVP RI ELRFKHPLFDOJHQHWLF V\VWHPV FRQWULEXWH WR DQ REYLRXV GLIIHUHQWLDWLRQ DPRQJ WKHVH
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WKHVH VWUXFWXUHVRIIHU FRPSOHPHQWDU\ DQG VXSSOHPHQWDU\ LQIRUPDWLRQ DERXW WKHJHQHWLFYDULDELOLW\ LQ WKLV VSHFLHV





7KH DFFXUDWH TXDQWLI\LQJ RI WKH ELRORJLFDO UHODWLRQV DPRQJ WKH DXWRFKWKRQRXV VKHHS EUHHGV IURP 5RPDQLD
0HULQR 7VLJDL 7VXUFDQD DQG .DUDNXO ZDV SRVVLEOH E\PHDQV RI D FDOFXOXV DOJRULWKP FUHDWHG RQ WKH EDVLV RI
FRQFHSWVRIPDWKHPDWLFDODQGLQIRUPDWLRQDOVWDWLVWLFVZKLFKXVHGWKHIUHTXHQF\DQDO\VLVRIDOOHOHVEHORQJLQJWR
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 JHQHWLF V\VWHPV ILYH ELRFKHPLFDOJHQHWLF V\VWHPV KDHPRJORELQ EORRG SRWDVVLXP WUDQVIHUULQ DOEXPLQ DQG
DP\ODVHVL[LPPXQRJHQHWLFV\VWHPV$%&0'DQG52DQGWZRPROHFXODUJHQHWLFV\VWHPVβODFWRJOREXOLQ
DQGFDOSDVWDWLQ






ZLWKLQ HDFK JHQHWLF V\VWHP QXPEHU WKH UDWLR DPRQJ WKHP WKHLU GLVSHUVLRQ ZLWKLQ V\VWHPV WKH SRO\PRUSKLVP
GHJUHHRIV\VWHPVHWF
7KHJHQHWLFVLPLODULW\DPRQJWKH5RPDQLDQVKHHSEUHHGVLVODUJHO\JLYHQE\WKHPROHFXODUJHQHWLFV\VWHPVZKLOH
WKH ELRFKHPLFDOJHQHWLF V\VWHPV FRQWULEXWH WR DQ REYLRXV GLIIHUHQWLDWLRQ DPRQJ WKHVH EUHHG WKH LPPXQRJHQHWLF
V\VWHPVVLWXDWHWKHUHODWLRQVDPRQJWKHDXWRFKWKRQRXVEUHHGVRQDQLQWHUPHGLDWHSRVLWLRQEHWZHHQWKHILUVWWZRW\SHV
RIJHQHWLFV\VWHPV
7KH JHQHWLF VLPLODULW\ RU GLIIHUHQWLDWLRQ GHJUHH DPRQJ WKH LQGLJHQRXV VKHHS EUHHGV ZDV HYDOXDWHG DV ZHOO LQ
ELGLPHQVLRQDOSODQE\cluster analysisCAmultidimensional scalingMDSDQGdiscriminatory analysisDA
7KH LQWHQVLW\ RI ELRORJLFDO UHODWLRQV DPRQJ WKH 5RPDQLDQ VKHHS EUHHGV VKRZV WKH FRPPRQ RU GLIIHUHQW
SDUWLFXODULWLHVRIWKHHQYLURQPHQWFRQGLWLRQVDQGRIWKHLPSURYHPHQWSURFHVVHVXVHGLQWKHEUHHGLQJWHFKQRORJLHVRI
WKHVHEUHHGV
7KHPHDVXUHPHQWRIPDWKHPDWLFDODQG LQIRUPDWLRQDO VWDWLVWLFVSDUDPHWHUVRQ WKHJHQHWLFEDVHV LVXVHIXO LQ WKH
SURFHVVRISUHVHUYDWLRQDQGLPSURYHPHQWRIWKHJHQHWLFSDWULPRQ\RIWKHH[LVWLQJEUHHGVEXWDOVRLQWKHSURFHVVRI









+ULQFă * *HRUJHVFX 6( 9LFRYDQ* 1HFKLIRU , *HQHWLF DQG SDWKRORJLFDO DVSHFWV RI SULRQ SURWHLQ 3U3 LQ VKHHS EHORQJLQJ WR
%RWRVDQL.DUDNXOEUHHG$JUR/LIH6FLHQWLILF-RXUQDO9ROXPH1XPEHU,661
+ULQFă *K  0RGHUQ PHWKRGRORJ\ IRU TXDQWLI\LQJ WKH ELRGLYHUVLW\ LQ RYLQH VSHFLHV EDVHG RQ JHQHWLF PDUNHUV XVLQJ WKH FRQFHSWV RI
LQIRUPDWLRQDOVWDWLVWLFV3URF5RP$FDG6HULHV%±
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